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Applicant acknowledges with aviation the Examiner's Angus. * ™<> 
of the pittviottEly-issued iqftcticms. 

fa Ihe August 23. 2006 Office Action, the Examiner rejected dmm 25 and 40-37 on toe 

US MNO.7.06MB8." AssnggestdbytheExainin^applicanii.fih.ghercwitha 
Terminal Disclaimer in which the terminal portion of the instant application is disclanned to the. 
extent it exceed* the full stnhitory term of U.S. PalentNo. 7,063,838, thus obviating the last 
ntt.ainmgtejccnon. Ac^ 

claims allowed io issue. 

In addition, applicant is amending the specification to recite fe U.S. Patent Number of 
the parent application and to correct the following typographical error in paragraph [0062] 
(emphasis added): 

The "lx" tissue sample was treated with coUagenasc 156 Mandel units/ml + elastase 
0 1 25 mg/ml + trypsin inhibitor 03ft mg/mg, The "2x» sample was treated «Hh collagcnase 3 12 
Mandel units/ml + elastic 0.25 mg/ml + trypsin inhibitor 0.76 mg/ml. The "5x" sample was 
Heated with collagenase 780 Mandel unit*/ml I clastase 0.625 mg/ml + trypsin inhibitor 1.9 
rag/ml. 

The recitation «f the concentration of trypsin inhibitor in ihe "1 x M sample aa "038 
,ug/mg» was a typographical error. It is clear linm the remainder of that paragraph dial the 
concentration of trypsin inhibitor in the "lx" sample Should have been recited aa "0.38 mg/ml" 
wind. i.s one-half of the concentration (0.76 mg/ml) stated for the "2x" sample andone-fiftti «,r 
the concentration (1.9 mtj/nil) stated for the "5x" sample. 

In seeking to nunc* this typographical error in the original specification, Applicant filed 
a Preliminary Amendment on September 30, 2005, but in that Preliminary Amendment 
inadvertently dial die figure given in the originally filed specification as "0.38" rather than 
W and omitted to correct "rngtasj" t» "mg/ml" Accordingly, Applicant now submits this 
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Ardent in order *> correct the typographic! error in Ihe originally filed specification from 

><03S mg/mg," lo "0.38 mg/ml." 

Finally, applicant sincerely thanks the Examiner for ^reebg to consider and make of 

record At following references that are of record in the prosecution history of the parent 

application (now U.S. Patent No. 7,063.838): 

Dobrin ft Mrkvtcka, Cardiovas. 2(4): 484-4*8 (1994); and 
Tmbcl et bL, Eur J. Vase Endovasc. Xvrg-, 10: 415-423 (1995). 



CONCLUSION 

Applicant respectfully requests that the Plainer enter the amendments described hcrcm 

and allow the claims to issue. 

Applicant request that the Terminal Disclaimer fee of $6> .00 be charge,! u, Fried, Frank, 
Harm, Shriver & Jacobson LLP De^sit Account No. 06-0920. Applied believes that no 
additional fees are required, to the event that any fee is required, the Director is hereby 
authorized to charge any required ft** 1» Fried. Frank, Harris, Shriver ft .Tacobson LLP Deposit 
Account No. 06-0920. 



Date: September 29, 2006 



Respectfully submitted, 



Stephen S. Rabinowitz (Reg, No. 40,286) 
FRIED, FRANK, HARRIS, SHRIVER 
ft JACOBSON LLP 
One New York Plaxa 
New York, New York 10004 
(212) 859-8973 
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VASCULAR PAPERS 



1 



Failureofelasti^ 

connectivetissue alterationsunderlyinganeuiysnial 
dilatation _ 



P.B.DobrinandKMrkvicka ^ . 

r Previous studies in the authors' laboratory have dwnwistrated that degradation of arterta 
dastln produces vessel dotation, decreased vessel dbtenslbHlty. and v*sel etong*ik«i which 
chti cause tortuosity. By contrast. (fcgradatlon of coll^n produces hemsod vessd 
dfcstcnsibUtty ahd rupture. How«y«r, neither degradation of ebcta nor of collagen producFri the 
true mu%i enlargement rfwractertetic of numsm aneurysms. The present study was perft>rmed 
to Identity ttie connective thaw loritkal to aneurom form&tkm. Vessel clmer^s were 
measured repeatBdly m human arteries during progressive ewymatic deyradatioa Experi- 
ments were perturmed on six intact human common, external afttf Internal lilac artenes, and 
two aneurysm human common Bfec arteries. The vessel we mounte4/fri^and stittfectei 
to pressure steps up to 200mmHg wnne diameters were measured- Repeated pressure- dia- 
meter curves vw*> obtained for up to 16h during treatment with etostase or ctftarjenase. 
Degradation of etetin produced moderate dilatation {6-10% at lOOmmHg) vrfth decreased 
vessel distensWty: nils oaumsd as the load was shifted to regaining collagen. Degradation of 
collagen produced greater dilatation (10-23% at lOOmmHg). tncrrased distaislbillfr. and 
vessel rupture TTiefle findings suggest that the cxhfcal dement In bo* the gross enlargement 
and ruptu re of aneurysms resides in cotegen, They also suggest that; * vessels obtained from 
patients with a family history or aneurysms, defects should be slight In; 0) the structure of 
collagen; (D) increased susceptMlty of collagen to degradaHon by endogenous mechanisms: (IH) 
Increased endogenous cotogenotyt* activity; or froecreasetf inliibitjon of endogenous 
conagenorytlc artMtifs.] 

Keywords? aneurysms, etetin, col Ujw i, nwwetive tissue failure 



Previous studies 1 Have shuwn. thai dog and human 
vessels treated with eJasttse undergo dila cation hnr do 
not rupture, whercaa vessels treated with coilagenwe 
Hilars and prompdy ruptuic, These data were inter- 
preted a* evidence mat dflatatfon was hue to Mure of 
clastin, and rupture to failure of collagen, However, In 
mnsr cases, nciiLci ucatmcnt produced die grow 
dilatation whidi occurs with the development of human 
aneurysms. Tilson and co-workers 1 challenged the 
authors' view that failure of cfaatm is the criricaJ element 



Ucw*«pOrtd«»w Ki: Dr P. fi. Dob tin, loyuh Uiwciiirf Medical. 
iVnwrDepanmcnt of SuiS*fT, 21 60 Sowfa Rttt Avuiuc^ May wood, 
ntinni^liJjUSA 

(£] Buatrwonh-HdncmannLwi 
0*67-210?/M/O4O484-05 



in human aneurysms. They may be corrpft because 
* when vessels are treated experimentally with coUane- 
na$e they rupture *n rapidly that they cannot manifest 
s " the gradual enlargement characteristic of aneurysm? in 
^patocntsv lu order to investigate the roles of elaetin and 
collagen in human vessels, nx intact human arteries and 
" 4 two htiman aneurysms treated with proreolyrir enzyme* 
examined in a stepwise fashion. These vessels were 
subjected ro wpearerl half-bom ly oi hourly assessment 
6f vessel diroeusioaa during the process of degradation 
in order to determine the degree of dilatation that 
occurred before rupture* IT* question of which 
connective tissue is mast milr-al for the dilatation and 
rupture of aneurysms is important because k identifies 
whirh rksiie in human aneurysms warrants study usmg 
the techniques of molecular biology. 
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MatertaJS and methods 

Six human intact internal, ewiaoal, ™* a ""^ T ^ 

m „H7 44 Tlit tissue bath was mamamed at 

I^mraHx »iep» up to 25 mraHg, and then in 25 mmHfi 
^"STo ifolllg. Vc*el diameter ™<™»»d 
^ a linear displacement ^^'J^EI* 
maintained « each level uwl sta vessel Pg*"** 

purified 

outified cnllaeoiasc <Worihuigto« Ct-SPA). In mo* 
Si*, vestels — treated fn*t w£ te-d 
then witli coUaEcnac*. In some ca«s the vessels were 

.ivc effect of these em.y uks, each vessel ™^™*) 
lOuunHg tor 30 to 60 min with the eazyn* » *' 
iZTAe lumm^ tben arai^ 
Krebs-Rin«i snludoo devoid of emyn.es. The mecha- 

bchavTor of the vaael then 
•bribing striae pressm^an^r airs*. W« 
Krebs-lUnB" •"'"*>■ was removed and * 
corwiuinsthe enzyme «™^«™ 
This sopenu: of treatment followed by "f^™ 
renewed every 30 to 60 tnin for up to 18 hot uitt.1 the 
S «hibSd an .mcbangine diameter or underwent 

"t^ral additional vessels were treated with dastase 
JSSSSm and examined Logically. The vessds 
SK 10% buffered formaldehyde, embedded m 
paraffin, and sectioned into ^um^hick seenons wfcxd, 
were sndned with V«hoffs sustain « Masson s 
trichronic >tain for collagen. Aft™ j»m< : 
eiastase these ves-da exhibited fneturtd or absent 
elastic lamellae) after nramieui with eoU^aasefrey 
exhihited decreased density of mum* with Masson a 
mchrotne. 

Results 

. ffewm 1-5 use she following 1^,,"^ 
pressure-dlamrrrr rdatfooahips for tpAvtdual arteries, 
ffi open cirdes depict data observed after four orfive 
rehvariwi cydea to obtain reproducible P'e»Ke-d>»- 
£L curvW. The: dead symbol; d«cnbc thf teWour 
df She arteoas durinc prt.ij.eSS.ve ocatment m* 
elastase- Selected curves are shown m demonstrate the 



Motive cban B « that occurred durmgrieutment wi* 

abovr. those obwmed for the relaxed ywscls, 
Ae v^ n»ud with da^e rupmrej lie ^cr 
most curved with open symbols depict the behavioi or 
S^S JurUg watmenr. witli coU^cna^ Data 
^^fr^ituient with arc plotted 

until the vessel ruptured 

Kon-aneorysmal arteries 
Ftar* 1 presto data fox a 

ST^. The rebcJ;^ to* W^jg 
cDoskJerabU disability at low ™ 
treated with etasusc (closed wn*»M *c vwtf 
p^vely dilated and Wamc ^ 

rated with collage ( n F«' 
Sited fnnha, became mote dkien^ib^ and rupturrf 

after Uh, 




150 



175 



50 ?5 100 125 

PRES>W (mm Hg) 

B^t^i Pn^B-tf*™fef aiVW for a nOfwvifljTyMifll mmmrm lIx 
Figur* l iTO»m w-uwmww y» vw treatment with 
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^pn3 PieaSure-damcta 1 QJTO for & rtWvafKwysmal ^ 
alBiy. to are shown for the rctawd vasal (O), after toatwert 
da5t2«(#jeh)and after tfe8tacntV^ecl3^fa«{A.l hj 




Flour* 4 Pwwro-rtameter curve* tar an arajrysrai omidiumi iis* 
artpry. Dots shown ftr ttw miarsci vessel (A. O), after trwtnwit wiUi 
dastas* (■, A. i>>ft 211) and after traaniari witli ui^^ase (D* 




100 115 150 TO 

Z (mm Wg) 

Figure 5 Pressure CBroter curvas for an ansuiysmai common fflac 
artery. Data are *nc**i for tha relaxed vessel (A. O) 3Pri aftf* msnram 
withcolagenase(*.?rO 



Figurt 2 presents data far an intend I Ifac arrcry while 
relaxed (on™ decks), and after treatment with elasrtase 
(closed symbols). The vwwd oihibited reproducible 
behavior at 10, 11 and 12b after treatment ™di 
elastase. Also shown are pressur©- diameter curves after 
treatment with collagenase wirh hourly prcssute^dia- 
merer mrves obtained up to 4b. This vessel dilated 
nakedly after rrratmcut with collaEeuase and then 

^f^rr^J presents data tor an external iliac arrery, 
with only moderate, dilatation observed even after 18 h 
of claJtaac treatment. By contrast, vessel underwent 
marked dilatation after only lh of eollagenw near- 
ment and ruptured after 1 b. 

Aneurysmal arteries 

Figure 4 presents pressure— diaioeiti corves for an 
aneurysmal common iliac artery. Two enrves arc shuwn 
for rhe Ham! mstl When treated with eloscase the 
vessd dilated, showing reprculuubie prwsurc— diameter 
curves after 15 L On treatment With colbgenase, it 
dilated markedly, even at OininlI& and ruptured when 
pressurised to lOmiuHg. As a result no dara pourts 
cnuld be obtained at pressures > lOmmHg. 

jfajura 5 presents data fur a second aneurysmal 
common iliac artery. ThU was relaxed (npen aymbols) 
and then treated with collagenase (dosed symbols) 
without initial rrearnwnr with ekstasc* Treatment with 
eollagcnase caused marked dilatation and rapture at 
5nmmH& such that data could not be obtained at 
pressure* > 50 nunHg. 

In summary, during treatment with ewtmv all 
vessels dilated, usually to a moderate degree, The 
dilatation occurring ar lOOmmHg was 6 to 10%. In 
addition, most vessels exhibited some stiffening low 
pressures as rhe disrxndunj load was shifted to collagen. 
None ot the elastase-rreated vtfwels ruptured. Dmiufc , 
(fradual'ircatment with collageiwee, all vessel* dilated,- 
most to a greater exient than they had after elwtaee 
treatment. After treatmenx with wllagciiasc the dilata- 
tion occurring at lOOmmHg was 10 to The two 
aneurysmal arteries dilated profoundly duruig col- 
laganese TrMrmenr and ruptured at pressures of 10 and 
50inmHg respectively. Therefore, they provided uo 
data at lOOmmHg. All non- aneurysmal vessels also 
ruptured when treated with cofla&enasc. Thus, eveo 
when studied in deliberate stepwise fashion dc#ada- 
lion of collacen produced rapid, extremely dramatic 
dilatation and rupture. These observations suggest that 
the intact vessel behaves like a compliant rubber nibe 
(clastiu) inside a slightly Wfier sleeve of a cnif protective 
steel net (collagen), and thai, is failure of collagen and 
not das tin which permits vessel* tn dilate and become 
aneurysmal It may be concluded therefore that rhe 
imerprecation by Tdson and co-workers 2 or the authors' 
" earlier results of proteolytic rle^dation of clawm and 
coDa^cu are correct. 
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tdKbUS wi* Gok or co overlap of» 
E*.mDtion is supported by experimental data. The 
5a«Z 3 K ^LSPA (WortMagtnn). to been 
3 » have remarkably Ugh ^ 
5* nSMBlhfc activity for dasrin and oAer^ proW« 

Z5 Scllt^th no — ££££ 
m.«m.'3 trichnMBK xtalniDg ot collagen. By ™° n «5 

to Ar -Lions of rhe enzymes «r Nr* 

m, ^Sana^ mr «-^S£5 
AaTthey result from athetotic degen^moft ot 
j£J3 elements IftAa waLlUavw* 

that *ey often or™ ^n,«n«^ 
ot in proximity 10. atherosclerotic: les*>™. "™ 
experimental evident V 
Sr^W-ot by deeding eynomolgus monkeys an 
ScrSdieVf-^^moatht; the ante* Acn 
atherottlerosle^on diet ^™ug 

a & anenry^, snapOn* : Aat At , 
SUraAm of lond^earing droits * the wall may 
bJ^cwsH d. C wall » tail mechanically- 

Tilaon and Staiael 5 have pro™led AmcaV 
JdXloKl to su**«c that tnany Wnman 

SEpS - ^ffle^^d'3 
patient age. inak-to-femtue rano^ 

p^Zsia during foDowup art quite differ* : m 
«nta» with atherosclerotic disuse as compared with 
SS*A aneurysmal diacase. Seve^ jjavc 
^xtcd 9 familial prediction to devdop 
aaWysm/- 8 . T.bon and SeaW smdird d* mW 
tS 7 of mote than 50 famines «* T l ^ d ^ 
.datives with aneurysms- Nongaid «r rCOOTteomat 
i »7 of 200 oanenta with aneurysms bad idaorcs witn 
SSoSfSi^ and Israeli' 
Natives of people wiA aneurysms have an U.6om^ 
huawse in JhVnsk of developing an aneurysm. .JOm, 
them is evidence Strongly tugg«rive of a geneoc 
predisposition for aneurysm formation in me an»je*ul 
Scx^ettts. TUson and StunseF abo suggested that 
Sh^daL observed in the pr«^* oF™ams 
may be tacifenad, as most such patterns are : u. , Aat 
Jk or seventh deead*. m , age wh«many mdjvjjub 
iu western society have a*cio*ckros». Indeed, U 



• M j mids wcre the fundamental can" of m JT 
athetoscierusis were w uaoenta with 

aucurysfflt Aen one my*t «^ ™" >; ^ b 
Seed ntherosder^s to devdopj w«JJ» ^£ 

n^t the tascAe -^jjMf ^n^m 

waTobT-ved. ^^^^XrS 
Ac focus of an inflammatorv, ^fjjg^ »3 ^ 

pcrimintal aneuxysue io rais m wSe 
□Zed SSnTif macrophages ^acn« T -dfcTJ 

J^S wan 




ellsrin .annanii"""— k produced graded 

Sm*£*** thwack aorta of pi^c muct 
«S uosscsses about 75 dasric lamtttac. When crash 
iffi Ember of mWtlamdUe to less than 
SC37S became aneurysmal. AM - . 
to a mean rise m drcumfereniial tensionfrom 13J x 
lO^N/ou per lamdlae in the irnaa vcasd to 
W-ffi fex lamdl« i» *« V8tS< L HlW U^ 
£: 2Xly also have damaged coUagen fib«j «J.d> 
ST appear histologically as iifcuufiablc LamdJat 

Colla^may be altered in arterial MW.ryMiis.BmO 
rt.i."^ Mtnashi ami u-Ueagucs 1 * reponed .n- 
erea«d relative concentrations «l coUagen in 

cypL HI mllagco m aneurysms, alAo..^Itoort«. 
^dMenash^^'^uWnoteoi^Aisoh^^ 

McGecrtS." report^ Intreased levels of tvpe I and 
SSui pwcoE message levds in boA human 
XL^aH^eurvsma and human aurtas wiA 
Sve disease. a« compared with umhseased lw 
buTAcrc was no diffei-no: in procollagen message 
tvdsl£w£, Ac two gmupaof <*^^?^5 
Aat fxnh diseases predispose m mncascd 
!JEs of collagen; however, both woups of 
S were ftonTcldcrly patients wheras Ac normal 
vessels wwe from juudrc* panenta- 
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Thfc present stepwise. cxpcnrncATS suggest Aai col- 
la^u is cbc critical wall element jn buth the dilatation 
and the ruptarc ot aneurysms, from past bvesriga- 
tioos 1 ' 1 ^ 20 as well a* from the present experimental 
timings [Ftpr& IS), the mechaDinal roles uf elastin 
an J collagen in the pathophysiology of aneurysms may 
be summari2*d? (i) failure of elastiri permits vessels to 
dilate to a ruo<l6rate extent; (ii) failure uf elastic also 
permits vessel lengthening and the development of 
tortuosity; (Hi) failure of cullagcn pennirs vessefa to 
undergo gross aneurysmal Hilararion with a small 
amount of Icn^eninjjj (jv) recruitment of previously 
non-loaded collagen fibers and a change in geometry 
from a cylinder to a 'sphere* «abi)i*rs; the aneurysmal 
wall, thcrcbr preventing it from rupturing irrunecHattly; 
(v) the thrombus lining Jie aneurysm contributes httle 
to wall stability; and (vi) continued failure nf mllagen 
leads to vessel rupture. 

It may rhen be naked why the connective taaues in the 
vessel wall fail. Kontuwpri n dl. described a genetic 
defect in one member of a family in which there were 
large numbers of anairysms. The defect was that glycine 
was substituted for arginine in type 111 collagen* 
ahhoufcb this observation remains to be replicated in the 
tissues of other patients, Nonetheless, even if there is a 
genetically determined tendency to form uiairysins, 
why do these lesions not manifest in most patients until 
they are in rhrir srxtrt ur seventh decade? The answer to 
this question may lie in degradation of elasrin with age. 
Aged vessels often show histologic evidence of reduced 
mimhtrs nf elastic fibers. Similarly, prtJ$ure- volume 
curves of seomenu of human thoracic anna show thai, 
with age* the arteries gradually dilate and become 
sriffcr 22 . This su*kwI* that with age, eWtm gradually 
fails permitting rfibrarlon to occur with shifting uf the 
load from elastin to previously non-loaded collagen. 
This is similar to what has been observed when dastui is 
degraded experimentally "sing pnnwilytic amy urn . If 
the recruited collagen fibers are sound, then they will 
support the artery and in so doins contribute their 
.erifrniw? id the wall Himevu, if die collagen fibers axe 
mechamcaily defective, are abnormally susceptible m 
enzymatic degradation, attract excessive numbers of 
inflammatory cells which release proteolytic enzymes, 
or lack normal levels of tistue inmbirors of meralJop- 
rotcaaes that protect against endogenous proteolytic 
degradation 2 ^ then the collagen in the wall will be 
predisposed to degradation. As this proceeds, the vessel 
will be unable to withstand the distending force 
resulting from luminal pressure. This will permit 
progressive aneurysmal dilatation, and a further in- 
crease in circumferential distending fore*, eventually 
kading to vessel rupture. 
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i« „ e a Morite" F Baderer 2 ". A. Wln<tt9eh 4 ,R. Ullrich', U-Wlnd- 

M<*> «*7fc Ito ^ fV^K ^Tmto mrt rtwiei tot «rfc*» fe-ttOW. No 

Z^z^X^^^^ -» ^ - 

side ^tonu^icosiiusainajoi ™utlafclw«» ^^*XdAIH taction was investigated in 

adivafion," unpbyaeloglCTl fl ™ J"^ 8 ™* ^ ^ ^ with different compbanecs. 

mechanical fauors 10 have been moated m the ™* adlicvcd by external cm- 

pathogencsie of ^ an.sf.m.ulk mti^ypcrpMa ^^^hTnJL mesh tube. 

Among the mcdWl factor, tt» ifltart* ^^SS^onof 

in dostu properbes hfttween bypass graft «*J«* ^ rtlK ^ dilated and 

armry ^^^^^T^Z m ■ Sfa coronary W d pen P b*ral 
oepcriments and cHrrical prdOice. J™ 6 *"™ and to match rh* vmious graft lumen to . 

Undies dealing with cmnphMu* misnv.trh and DAB 1 p^dutcc and to ff^cn . RU1 . 

J-**"™"* these r«,*li* may ^ ^SZtXn*^> i.«a«* 

._ flow velocity and sltui' rate, which in twin has been 

^^ni * *» Bth mertng * u* ta^ So*«y &t inversely correlated to platelet station «uid torn*- 

JKs^J mu, Gou«u,y <£pfc=*er MM). ^ 0 , DAIH. Besides the mfluence or eompl.Bnr ft 

neMie addw* rfi c*r9»p«ui«B*> m: vfougara ThibA mismatch we studied the influence of different bypass 

PICA, D*». «f WW u ^ Ll rf aaftalibeis on the formation ol UAtH. 

i078-3eB4/»/0»a5* M & 1Ji)Q '' 0 * 1995W " s ™ nfl ™ Q W 1 * U4 
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and Uwu tioy ditaacta* C mmn )_ 



Mitral bm£n^da?teO »ein 



Natural tatay 

Itrl^wCOTBWrt^lJ BUST} 

Natural wt*y 
Meshcuii>Ul£»ed»>toy 



A3(HJ04) 

&0{*0) 
429(id49J 
4.0 (iO) 



Ki*l WtcrV diameter 
4ft(tCLM) 



Notorial* and Methods 

Accord to the Austrian law nir animal experiments 
and Rffpr pcimbjion by the University Firrtcs Com- 
Auasi^v # femOiopoplitHalbypwWS were implant** 
in 1ft Hl^ep (body wti^t 62-71 kg). TTnder g«u*d 
oncslhesift femoral ami popliteal ortenee ot bo* 
sid** *ere dissected free, and the original supetfo^ 
femoral irrterus tinted. The averted deep femoral 
vein ww used as graft material in all operatic 2500 
units Of heparin were adimmstercd intravcnoufily 
njior to arterial damping on each side. All bypass 
graft *r,ascomu*« we* with 7/U ProlBne m a 
running etitcMechrriqu*. 
RpconstruOions w*re divided into six groups (Table 

1, Pifr I)- m S^P 5 1 nnd 4 vcn0ca Rraft$ 
^lthuut any external rriruwament were frnjiteuied. 
In groups 2,3,5 and 6 rhtt venous grafts were inserted 
into tubes made of Danron mash fabric (Meade* Lais 
mesh, Oakland, NJ, T^A.) prior to implantation. 
The* lubes ^ere oewn over a icnandrU (HiHiiietcrs of 
torn [groups 1 and 3] aud 4mm (group© 5 and *]) with 
4/0 silk in a locking stitch techniqiiK and were 
included into th* suLuic hues of the proximal and 



distal anastomoses. In fcioupa 3 and 6, 'Jem of the 
adjacent host arteries were alao suppirtedby external 
m^hr.ibfis, wliidi were wrapped around th^i 
artcxy and fixed with 7/0 PrcW 9 utuT» after distal 
graft anastuuw^ In groups 1 3 tha diameters erf die 
g*fb were not narrowed, me> remained approx- 
imately twice as big as the host artery dianwrprs (Table 
1) In group 1 tne venons grails remained natural, in 
group* 1 and 3 mesh tubes sewn over a mandril rf 
fonm were used for extHntal support In groups « 
Hip bypass graft diameter* were ada P tpd ^| lie ^ 0 ? t 
artery diameter of approximately 4mm (Table in 
gruup 4 the natural venous graft Iron™ was adapted 
to the host artprial lumen by tranavcre single stitches 
controlled by a caliper, in groups 5 and 6 the graft 
Lumen was adapted by mesh tubes sewn over a 4mm 
mandril Each poop comprised rtx bypa» procedures 
and the group distribution to each animal's leg was 

Graft KTid host artery diameter were nvw&rred 
with on electronic sliding caliper (MHuloyo™ Dip- 
maric, Tikyo, Japan). Blood flow was measured 
dectrorrac^caUy (He1%>~ Freiburg, Germany) in 
thP native femoral artery prior to its ligation anrl m the 




Crftrap 1 



Group 2 



Group 3 





(? Group 4 ^* 

- • and Adapted S^ft JumonC. 

i 
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topm flails 10 min after implanr^tirya The ungb- 
o* the differs prife the distal anastomotic 
*nmr* and * atterte do* tojc 

distal craft anastnniosis woe evaluated sonograptv 
ir%. Three pake of opposite cryst^d 5*30* 
[Vessel diametpr CVD 2300. SonotekCorp., San ™ga 
CA USA-) were temporary fixed lw ihe eternal 
vessel surface at Hie same cross actions (fig. 2: 
s«tiuns A3 [directly at tr* arturcjuiel and ^ 
Pnlsattie changes mi Ihe diameters oi each pair of 
cryNtfUds were measured ^^nl^ w^ ek^ 
deities. At the s*™ lime W ortenal blood j»«*»m 
wptv rt^Wed invacivfliy. Mom thP* data Uiecompb- 
ttiow of the * WU gnto the <tetal anartomntlc 
sutuie legions and of the host arteries calculated 
accordiDg to rhf> H^udtkm: 

wall compliant = Acl/[d x (FvfPf-M . 
(d - diameter measured with crystals; p = local arterial 
blood pressure) . ^ 

•^ven in units irf percent chonfie in diameter / mmHs 

^caTflow vrfiaily profiles were measured wtth a 
oaravaacular ultrasound dopplex device (Dr. Hartley! 
Houston, H.S.A.) with computerised post-proressing 



^inc an ultrasound fining frequency to 20 MBy- 
te p^licute the sagittal fiowprofllHSdl Ihe anastomo- 
ais were obtained airoidms to the method previously 
desulbcd 20 At the end of each pnudun completion 
anGDjrrams nf xecenstruction were perftimwd. 
Ato auTKery the animals Xept under natural 
ratmmg conditio without any medicaiioii "^Uhe 
filial follow-up investigation, wliieh was performed 
after a mean nf ft/L6 months, 

At follow-up, the bypass THcuiisLmctions ot bom 
Ices were again dissected tree under seneral ant*- 
tlSaia. Blood flow in each fcypu* &iaft was agam 
measured electrrTnidgiietieally- The compliance uf 
eadi graft, of the distal anastomotic auLure temona and 
oi the host arteriHs were recorded m the same way and 
at Ihe same locations as before. Hie ammala were 
jolted by l.v inj*.tiim of a potassium solution. The 
bypass erafe including the distal anastomotic xenons 
aid 2cm ot thK adjacent host arteries were flyed wiih 
3% dutaroldehyue tor 2J0 min muler pressure Similar 
to normal artpriat pressure (mean of 100 rnmHjj). The 
sample* were then explanted and prepared fox histo- 
logical examlnatitiii. Cross sections of each spec1m«j 
were taken at rive cottftant Inratkins (Tig. 2). AH 
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ii 1.75 (=19,9) 
145,0 (±j&B) 
l*jff(±S?.6) 
2215 (±212) 
2154 (±m) 
«5t0(*193> 



<ft29(±4&9) 
136jtf(t2M) 

1ZL0(*3M> 



108.7S^UA) 
U6j67 (155.6) 



spcrimsns were embedded aid coloured by Wasuc- 
Van Gi«Ws stain. The histomoxpholo^rnl eAainuu- 
tion o* th* blinded specimen included identification 
and localisation of infernal Hyperplasia and uiorpno- 
inetrical jneasuTFintaib of DAW thickness at each 
uws section- u . 

All data we* enfcied ioto a ownptttOT^fU 
spreadsheet (toccd™, Mlcrcwnft Inc., CA, U.S.A.). 
Statfsdcal HTinly 515 of selected groups was perfnTiiinl 
using the Mann-Whitney U-bsL (Ingram Pack** 
SPSS Tnr v Cliicago, EL, U.S.A.)* 



R«UltB 

The average lcn&th ot the unplsnted grafts was 9-21cm 
(±143). In the groups with a calibre mismatch 
between graft and host artery (groups 1-3) the 
diatufw ratio between grafts and host arteries was 
193 (±0.31):1, in the groups with die same caKbrc 
(grains «) ^ ldlio ^.9 (±0.15):1 p&bk 1)- The 
blood Bow wae comparable pprwt*ii the groups: the 
highest flow rules were recorded in the native artprtas 
prior to ligation. In groups U4 and & the lowest flow 
TRtra weit observed intraoperatively. In groups 3 ami 
5 the lowest flow rates were observed during the 
follow-up investigation. Difference* in blood flow 
between thp groups were not dgrdficant (lable 2). 
Table & shows the compliances irf &iufl wall, anasto- 



motic TVfcion and host artery in each group. Ap^t 
feom the host arteries hi &roup 1 local compnances 
wp.it similar in the primary procedure (OP) iiidh 
follow-up (FIT). Omipaiison of the Rroups with eabbre 
iwsmateh (groups 1-3) and the groups with adapted 
craft lumen (group* 4-6) did not show significant 
differences in local comphanc* flabl* % Compliance 
w „ found to be bigiuncanuy lowered 1^ «ct^ 
ccAabiction with a Uaoon mesh tube (Iabk 4). This 
was sot when comparing the groups with nanirRl 
venous grafts (groups 1 and 4) to the groups with 
Trwsh-rnrifitriEtKi pafe (groups 2 and b and group* 3 
and 6, respectively) and when mmparing the groups 
with a natural host artery (groups 1 and 4 and &i m V* 
2 and B, respectively) m thn gioups with o meeh- 
con«rritttfd host artery (firoupe 3 and 6) No differ- 
ences wer« seen in the rmnjiliancea of the anastomotic 
tv.kuhu (Table 4). a 
Table b shows the extol and distribution of UAlri 
smw in the crosa sections of each gn»ip, Inlimal 
Uuckentng developed aL two distinct and separate 
sites: extensive formation ot DAM ocrurred at the 
eature lmea (Fig. w*Lit>»& D-'easf and "west" (see 
also Fig. 3) and section CVnoruV), wnP.reas mudttale 
DAIH was observed on the floor of the artery (k*g. 2: 
Bcction B^soauV) and behind the anastumolk lip 
(Mg 2- section D^Jioith^, Fig. 4). 

DAM formation was fnimd to be significantly 
tor«r when a wmplianoe mi^natah betwean bypa^ 
graft and host artery had been induced (Table 6). It 



Tbbu % Complin r.vgytoaikJnert *x*teiu»i* ^^f^P^^T 3 ™ 



(OT) and IiiDo>nn> itfrcctigato (^] 



N»dv?vflnw»graft^ Mesh oaato J yato 



(Scaup 1 Group A 

large duurxcte wUpbd cbam^ 



_ QmupS 



Grpff(WJ) 
Aj«3ton»c*i (OP) 

Tfostmt*ry<OF) 
Ito5toitciy(FU) 



2flL61(*$tC) 



!G7.7(i058) 
^(±16*51) 



66^1 (ll?-3) 

52J2(±2L6) 

5707(11444) 
SMJ k (ja402) 



20^.1(1129^ 
220.26 (±37-3) 



U£g9 diameter 

46^3 (±264) 
43.7D (115,9) 

3S.5 (H7.5) 
7431 (*3a6) 



Croup 6 

j^apieddbainctH 
4^7(110^) 

01.96 (s3UJ) 
47^6 (=2 V5) 



OP«. HJ ip er*ip l: ^013. 

Bur J Vox Kntec Swg Vol 3a NnOMttber 1955 
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(FU) 



c;r»ft(FU) 

H05i artery (OF) 
flwi artery (FU) 



natural vemgnifb/ 
natural lu*l artcrits 



SOU) (±114.1) 
3ii.i (+fia.O) 



331,9 (±1*19) 
28M (±115.1) 



Groups 3 etui 6 
nusli mSp host arftrtft 



fl*fi(-t22.1)rtl 

49.1 (±31 
64.1 (tZ5.^ 
513(j: ~ 



C^upa 1 «wf 4**. groups 2 aid 5; Tf^^r/ -rttitO Gta 

was most pronounced m the groups with mesh- 
constrlrtnl grafb Mid natural host arteries feniups 2 
and 5) as compared to th« snjups with native bypass** 
(sonpH 1 and 4) and the ft/mips with mmli eunBUie- 
tipn over the graft an H die adjacent hoot artery [groups 
t and 6). No differences were ob*™*! between all 
natural (group 1 aiid 4) and all me&h-conftncteo 
feroup* 3 ond 6) recorwrnicrtann. SuilisUcal compms 
Son of formation and extent of DA1H in the grmips 
with o calibre mismatch (groups 1-3) and the groups 
with adapted graft lumen (p/oups ^^ed nu 
differences in DAIH formation liable 7). 

Atki* of flow reversal near the toe of the distal graft 
anastomosis were found in 13 &rato by means of 
fUWiel Doppler measurements. Their occumaice 
could be correlated with the overall incidence of 
hypoplasia but not with the hypoplasia in tfu* 
particular region. The detailed results of these maas- 
uiemcnta arc ejven elsewhere. 



Discussion 

The concept of Ratal and Abbott 11 that cornplianca 
mibiiialeh between bypoee graft and artery ^ay& an 
important jole tn the Ueveloptnertt of anastomotic 



tntintfl hyperplasia has been valid since 1976 
afthoueh the pathogen*** of DAIH is now coTisalcrecL 
X more ,Lp^^ compl^u* 
been recently eorrelflrpd with long-term patency 
rates 1 - 1 * and DAIII remains a problem In syntlieuc 
vascular prostheses- 30,31 Musi experimenbu cradies 
dbedly ^uuning the relationship berwHwi com- 
pliance mismatch and DAJH hove dealt with pre* 
thrtiw &iaft materials ot different elasririty. In all 
these studies, the pusiUve correlation between com- 
pliance iniamatch and DAJH formartim have been 
confirmed. t . 

bxtimal hyperplasia refers to rh« proliferation ot 
' subinrirnal smuuth muacle celb that migrate throng 
defects in the internal elastic lamina and continue to 
proliferate and secrete matrix proteins, thus leading n » 
innrnal thickening and irrtim«l hypoplasia. Iruimal 
thickening tam also result from the sequelae of mural 
mrombuc organisation. In an advanced stage it can be 
vpry difficult to dttnenfeto a well organist hmmiaj 
thrombus from original inlimal hyperplasia. 
Based on this fact, Honji-Oe Wxetnl* piKtulated thai 
DAIH is Jntf a lale result of wdl organised local 
tiuomboei* at the anastomotic str« tlws contradictmg 
the impartaniK of compliance mismatch for DATH 
formation. Their assumption whh based on expert 
ments whior the authors did not observe significant 



CroBfisecflan 



A (disblpnft) 

C (sTv^hrmnttc Hp) 
£j<n.ft cm behind tip) 

North (topj 
Fkrf (right wall) 
South (potttmy 
Wat flVi wall) 

Tot?l (mean 



Group 2 



7&YJ (-HlAfi) 
2729 (H2-lfl) 

aTac^i) 

23.4S (±13-87) 
16.lt 



132»<iai3) 
10O.14(±41.3lJ) 

47.36 (±345) 
KTL (t4i^) 



Gcflup 3 



1154 (±iay/^ 
ft.7S (21937) 

<5(X0) 
3.07 (^«.) 

l*(ii36) 
45-57(119^1) 



Gioup4 



2S^(ili!5) 
llR32(±i».«l) 

<5(i0) 

(-^7^2) 



14^(24^8) 

44.17(25-18) 
30180^20$) 
6j69(s7.76) 

(±11.79) 
a5.1S(£48.6) 
31.63 (i»fi) 
63.!W(+3>Uf>) 



M,7<tlOAl) 
U&41 (i377B) 
115(417.9) 

<h(*(T) 

42-72 (t'^ivt) 
S12(t:i53) 
5172 (t2im) 

26.77 (±11.07) 



BUT T V&K BnOvv.*^ Surg Vol 10, Novcmba W5 
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120 



W.Tkubol at a* 



wmm 



' \ ■ -'Z't-'-J; 




Ktt i Cross SEdlDU «i Ihe dutalbyiw aiwtoaxcsfc (= action TT) 



dpi * section «D* W « ml* omEtiiaca venoua gaft to**** 
dbnie t»r - froup 5) wUti an uncreated husi w ter jr. lo«to» otUAiH 



in the sum* line rp^n, " =T>auvJi uttsh H>r<3 



cKrferences in OATH fcmnatkut between compliant 
and nwKLompUant Daeron grata in dogs with a low 
thrombose potential. Vfc aimed to exdudc throng 
boraiit or any other influences from pwwthdk graft 
surfaces in nur trial wl-up. We investigated ti* effects 
of compliancc-misro^ch and D.ATH formation on 
distal enrt-TrvMdt; auafitomo8€3 uainfi autologous veins 
where the compliances of tn« hypos grafts and host 



arteries were lowered by external £i«winccion of the 
vessels with Dhciou meeh tubes. 

Another aim of our «ndy was tu duddale if on 
adaptinn tif bypa55 graft lumen to the host artery 
diameter would further lnfhimir DAH1 formation, 
Thp influence of typaaa graft diameter on DATH has 
been demonstrated by ffin™ d u!. 24 in differently sized 
PTFE ^idJla. DAlH was observed lowest in grafts with 
diameter equal to the host arteries and was found to 



Tabic (. RrcmatJxiP nf dlwal 



ro5tvixuJ lk wimJ hyperplasia (DAlH)- C«-i»ti«m of natural and w^u^d rc^ A (M^ 



Cfeupfi 1 and d 
nitttcal win gfftftt/ 



mwU lube graft?/ 



n*Sft tiihp grafts/ 
nffish tut* lu^t diltil« 



UA1H (m^n m *nn) 2aBi&,%* 



♦ urn 



Groups 1 mid 4 re> givnj»2 «nv* 5c 'pOOOL 



E« J vw BiviorMC vni in November m? 
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TfrWe*. Fonmtinn rrf distal su^uwte iftkW 



Croup l(t»Lg^) 



2'/ (tlOJ) 



to, Luiueu adapts 



CitJdp 5 (m*#i gfWft) 

Ci»iip6(al!Tne^v) 



DAJHOar.) 



344(H4j&>) CMS 



be significantly Mtftifr In grate with sreater caUbres 
AU grafts with a calibre smaller than die hcet artery 
failed early mie to graft thromboeis and cCrald not be 
evaluated lor mtnnal hyperplasia. Binns reported an 
HivPTuvK correlation between DAAH ocnimmce and 
the flow velocity and local aiitfu rate In addition to 
m^tankal mismatch, a wide 
factors sudi as high and W flow** - * 1 and high and 
lew wall shear stress**' 43 have been impinged w 
frtimal hyperplasia formation by causing local endo- 
thelial injury. . 

At rest, the flow iate in a Rraft ic datarmmeci 
primeuily by downstream peripheral reliance m the 
n» rt vp host artwial Ireland not by the diameter of rh r 
bypass graft used/ 4 In onr nuxld with comparable 
distal arterial rmvofc ejected ^U*r bypass 
aafttlowfi-Inthiswjiyvwtilioped to influence the flow 
pattern and the local shear stress by vaTwKmi of the 
byoass graft- diamptar, as displayed in computer 
simulation* by Perktold a d** Compliance was 
Dicfuncandy lowprtd in oar study by external cor> 
stridion with o Dacron mesh tube while It wdb uol 
influenced by adaption of the bypass Kraft calibre to 
the diameter of the recipient artery. DAIH furination 
and extpnt wtur found to be Mgruflcantly higher in the 
groups with a compliant, mismatch between graft 
and artery in wmpariaon to the feortmrtuft groups 
These results ate comparable to must of the studies 
dealing with compliance mismatch and DAIH fnnna- 
tion in prosthetic grafts and we conclude that the 
u^ianism* mcrcasing DAM in non^omplinnt aulr> 
logou* graft matHridts must be similar to those in 
prosthetic grafts. An assessment of abrainnal wall 
thidcerirg in autologous veins prior to implantation 
as arterial bypass grafts wouM rhwriuie seem to be 
hnpiTrbiiiL This has been shown by Oavies tf- who 
demonstrated a significant mluiiion in the com- 
pluuite of km& saphenous veins prior to implantation 
when areas of internal hyperplasia and venous muede 
hypertrophy were prsaerit^The relannriAhip between 
lowered vermis £iaft compliance and the consecutive 
development oi local bypass graft stenosis was also 
highly sigruficttnL in Dsvies's study. Clinically, the 
importance of local venous graft Lumoliancc 



fxrafinned by Scott el *L,* who suggested thai veins 
with existing areas of iiOiiiial hyperplasia may be 
morc likely to undergo graft stenosis- 

DAIH in our specimens c>cciirred cxtensrvery at tne 
suture lines, whereas moderate rntW foiefcanng wac 
observed nn the floor of the artery and behind the 
anastomotic tip. Similar HATH localisation ™d<te- 
trftmtjnn lias been reported by Sotdtual fi uL in 
thrombosed prosthetic grafts in humans and by 
Bassionny di d? in experimental FTPS graft* Bas- 
giouny was also able to tpvkuI complex secondary flow 
patterns mainly in the vicinity oi the suture UnE and 
stated that these flow paueins interacted with bio- 
iiirchanical and humoral factors to modulate intinud 
thickening primarily on the suture line.' 

In contrast to the results of Bmns el al and other 
studies dealing witli various graft diameters m armv 
dfll grafts, we did not observe relevant diderences in 
DAIH arairdins U> diameter rnisrratch. Wth die 
8-chnnnel flow velocity meter we were able to identify 
area* nf temporary flow reversal in me anastomotic dp 
wrthm the cardiac cycl^ wruchbavehKeii predicted by 
rjiPOfetlcal studies^ We were able to correlate such 
recircutotiortE with overall (nk) huL not with local 
mthnal hypeiplasia. 2 ^ Our measurements of the ana- 
stomotic flow profiles mnld not further emeidate 
cijiiatanl differences in the flow patterns hrtwtxn 
rniematehed and himnn adapted groups. 

In conclusion, mismatch in complianrp hrtween an 
autologous venniis giafl and the host artery may play 
an important role m the developmpnt uf DAIIL For 
prevention nf DAIft the distal venous Rratt diameter 
is less important, while the local romplianie of an 
mittfnpnih veii^ is a predkuve factor tor UAIH 
formation and thus for tong-term vein giaf l palency. 



■ifeis «nav was 5nppurt«l by the luhOwnnrficfert* 
tnrcldiba^i Ndlta^nmnk {Qx°nt Mc 37SS). Tru> smfW w*h to 
ftai^ Hie of A* Cmftc for BiouwdicJil Kfi9f«rrli tor their 
cpopcrtidorv and oetkk^aa. 
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